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1

OSCILLATING SIGNAL GENERATING
CIRCUIT AND A SEMICONDUCTOR
APPARATUS USING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C. §
119(a) to Korean application number 10-2022-0045797,
filed on Apr. 13, 2022, 1n the Korean Intellectual Property
Oflice, which 1s incorporated herein by reference in 1its
entirety as set forth i tull.

BACKGROUND

1. Technical Field

Various embodiments generally relate to an integrated
circuit technology, and, more particularly, to an oscillating
signal generating circuit and a semiconductor apparatus
using the same.

2. Related Art

An electronic device includes a lot of electronic elements
and a computer system as the electronic device includes lots
of semiconductor apparatuses, each configured by a semi-
conductor. The semiconductor apparatuses configuring the
computer system may communicate with each other by
transmitting and recerving a clock signal and data. The
semiconductor apparatuses may operate 1 synchronization
with the clock signal. The clock signal may be generated
from one of an oscillator, a phase locked loop circuit, and so
torth.

The semiconductor apparatuses may perform various
operations by recerving a system clock signal. In order to
internally utilize the system clock signal, the semiconductor
apparatuses may generate a plurality of internal clock sig-
nals from the system clock signal. The plurality of internal
clock signals may be generated through frequency division
of the system clock signal or through frequency increase of
the system clock signal. The plurality of internal clock signal
may be generated through a plurality of clock paths. In
general, the plurality of clock paths may be designed to have
the same elements and the same structure. However, the
plurality of clock paths may have different delay amounts
due to process variation or degradation. These different
delay amounts may lead to a phase skew, among the
plurality of internal clock signals, which may decrease a
valid window or duration of a signal that i1s transferred in
synchronization with the plurality of internal clock signals.
Thus, each of the semiconductor apparatuses may have a
configuration to correct the phase skew, among the plurality
of internal clock signals.

SUMMARY

In an embodiment, an oscillating signal generating circuit
may include a first clock delaying circuit, a timing control
circuit, and an oscillating driver. The first clock delaying
circuit may be configured to delay an oscillating signal to
generate a first control signal. The timing control circuit may
be configured to delay the oscillating signal by a fixed delay
amount to generate a second control signal. The oscillating
driver may be configured to drive the oscillating signal to a
first logic level based on the first control signal and config-
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2

ured to drive the oscillating signal to a second logic level
based on the second control signal.

In an embodiment, an oscillating signal generating circuit
may 1nclude a first clock delaying circuit, a first timing
control circuit, a second timing control circuit, and an
oscillating driver. The first clock delaying circuit may be
configured to delay an oscillating signal. The first timing
control circuit may be configured to receive an output signal
from the first clock delaying circuit to generate a first control
signal. The second timing control circuit may be configured
to delay the oscillating signal by a fixed delay amount to
generate a second control signal. The oscillating driver may
be configured to drive the oscillating signal to a first logic
level based on the first control signal and configured to drive
the oscillating signal to a second logic level based on the
second control signal.

In an embodiment, an oscillating signal generating circuit
may include a first clock delaying circuit, a second clock
delaying circuit, a selecting circuit, a timing control circuit,
and an oscillating driver. The first clock delaying circuit may
be configured to delay an oscillating signal. The second
clock delaying circuit may be configured to delay the
oscillating signal. The selecting circuit may be configured to
output of output signal from the first clock delaying circuit
and an output signal from the second clock delaying circuit
as a first control signal based on a selection signal. The
timing control circuit may be configured to delay the oscil-
lating signal by a fixed delay amount to generate a second
control signal. The oscillating driver may be configured to
generate the oscillating signal based on the first control
signal and the second control signal.

In an embodiment, an oscillating signal generating circuit
may include a first clock delaying circuit, a set pulse
generating circuit, a reset pulse generating circuit, and an
oscillating driver. The first clock delaying circuit may be
configured to delay an oscillating signal. The set pulse
generator may be configured to generate, based on an output
from the first clock delaying circuit, a set pulse signal that
1s synchronized with one of a rising edge and a falling edge
of the oscillating signal. The reset pulse generator may be
configured to receive the set pulse signal and configured to
generate a reset pulse signal. The oscillating driver may be
configured to drive the oscillating signal to a first logic level
based on the set pulse signal and configured to drnive the
oscillating signal to a second logic level based on the reset
pulse signal.

In an embodiment, an oscillating signal generating circuit
may include a first clock delaying circuit, a second clock
delaying circuit, a selecting circuit, a set pulse generator, a
reset pulse generating circuit, and an oscillating driver. The
first clock delaying circuit may be configured to delay an
oscillating signal. The second clock delaying circuit may be
configured to delay the oscillating signal. The selecting
circuit may be configured to output one of an output signal
from the first clock delaying circuit and an output signal
from the second clock delaying circuit based on a selection
signal. The set pulse generator may be configured to receive
the output signal from the selecting circuit and configured to
generate a set pulse signal that 1s synchromized with one of
a rising edge and a falling edge of the oscillating signal. The
reset pulse generator may be configured to generate a reset
pulse signal based on the set pulse signal. The oscillating
driver may be configured to generate the oscillating signal
based on the set pulse signal and the reset pulse signal.

In an embodiment, a semiconductor apparatus may
include a first clock delaying circuit, a second clock delaying
circuit, an oscillating control circuit, and a delay information
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generating circuit. The first clock delaying circuit may be
configured to delay an oscillating signal to generate a first
output clock signal. The second clock delaying circuit may
be configured to delay, based on a delay control signal, the
oscillating signal to generate a second output clock signal.
The oscillating control circuit may be configured to control
the oscillating signal to transition from a second logic level
to a first logic level based on one of the first output clock
signal and the second output clock signal and configured to
control the oscillating signal to transition from the first logic
level to the second logic level based on a signal that is
generated by delaying the oscillating signal by a fixed delay
amount. The delay information generating circuit may be
configured to generate the delay control signal based on the
oscillating signal that 1s generated through the first clock
delaying circuit and the oscillating signal that 1s generated
through the second clock delaying circuit.

In an embodiment, a semiconductor apparatus may
include a first clock delaying circuit, a second clock delaying
circuit, an oscillating control circuit, and a delay information
generating circuit. The first clock delaying circuit may be
configured to delay an oscillating signal to generate a {first
output clock signal. The second clock delaying circuit may
be configured to delay, based on a delay control signal, the
oscillating signal to generate a second output clock signal.
The oscillating control circuit may be configured to gener-
ate, based on one of the first output clock signal and the
second output clock signal, a set pulse signal to control the
oscillating signal to transition from a second logic level to a
first logic level and configured to generate, based on the set
pulse signal, a reset pulse signal to control the oscillating
signal to transition from the first logic level to the second
logic level. The delay information generating circuit may be
configured to generate the delay control signal based on the
oscillating signal that 1s generated through the first clock
delaying circuit and the oscillating signal that 1s generated
through the second clock delaying circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram illustrating a configuration of an
oscillating signal generating circuit 1n accordance with an
embodiment.

FIG. 2 1s a diagram 1llustrating a pulse generator illus-
trated 1n FIG. 1.

FIG. 3 1s a diagram 1illustrating an oscillating driver
illustrated in FIG. 1.

FIGS. 4A and 4B are timing diagrams illustrating an
operation of an oscillating signal generating circuit in accor-
dance with an embodiment.

FIG. 5 1s a diagram illustrating a configuration of an
oscillating signal generating circuit 1n accordance with an
embodiment.

FIG. 6 1s a diagram 1illustrating a pulse generator 1llus-
trated in FIG. 5.

FIG. 7 1s a timing diagram 1llustrating an operation of an
oscillating signal generating circuit 1n accordance with an
embodiment.

FIG. 8 1s a diagram illustrating a configuration of an
oscillating signal generating circuit 1n accordance with an
embodiment.

FIG. 9 1s a diagram 1illustrating a set pulse generator
illustrated in FIG. 8.

FIG. 10 1s a diagram 1llustrating a reset pulse generator
illustrated in FIG. 8.
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FIG. 11 1s a timing diagram illustrating an operation of an
oscillating signal generating circuit in accordance with an

embodiment.

FIG. 12 1s a diagram 1llustrating a configuration of a
semiconductor apparatus in accordance with an embodi-
ment.

FIG. 13 1s a diagram 1llustrating a connection relationship
between a clock delaying circuit and an oscillating control
circuit illustrated in FIG. 12.

FIG. 14 1s a diagram 1llustrating a connection relationship

between a clock delaying circuit and an oscillating control
circuit 1llustrated 1n FIG. 12.

DETAILED DESCRIPTION

FIG. 1 1s a diagram illustrating a configuration of an
oscillating signal generating circuit 100 in accordance with
an embodiment. In order to monitor a delay amount of a
clock delaying circuit, through which a clock signal propa-
gates, the oscillating signal generating circuit 100 may
generate an oscillating signal ROD through the clock delay-
ing circuit. The oscillating signal generating circuit 100 may
generate the oscillating signal ROD such that one of a rising
edge and a falling edge of the oscillating signal ROD 1s 1n
line with a consistent timing. On the other hand, the oscil-
lating signal generating circuit 100 may generate the oscil-
lating signal ROD such that the other edge of the rising and
falling edges of the oscillating signal ROD 1s 1n line with a
timing that varies according to the delay amount of the clock
delaying circuit. The rising edge of the oscillating signal
ROD may be a part of the oscillating signal ROD that
transitions from a low logic level to a high logic level. The
falling edge of the oscillating signal ROD may be a part of
the oscillating signal ROD that transitions from a high logic
level to a low logic level. For example, the oscillating signal
generating circuit 100 may generate the falling edge of the
oscillating signal ROD according to the delay amount of the
clock delaying circuit and may generate the rising edge of
the oscillating signal ROD when a fixed period of time
clapses after when the falling edge 1s generated. In an
embodiment, the oscillating signal generating circuit 100
may generate the rising edge of the oscillating signal ROD
according to the delay amount of the clock delaying circuit
and may generate the falling edge of the oscillating signal
ROD when a fixed period of time elapses after the rising
edge 1s generated. The oscillating signal generating circuit
100 may be sequentially coupled to a plurality of clock
delaying circuits and may be configured to generate the
oscillating signal ROD. The oscillating signal generating
circuit 100 may generate the rising edge of the oscillating
signal ROD when a fixed period of time elapses after the
talling edge of the oscillating signal ROD 1s generated, and
therefore, a period of the oscillating signal ROD may
precisely include a delay amount skew among the plurality
of clock delaying circuits, the delay amount skew being the
difference between the actual delay amount and the intended
delay amount of a clock delaying circuit.

Retferring to FIG. 1, the oscillating signal generating
circuit 100 may include a first clock delaying circuit 111, a
timing control circuit 120, and an oscillating driver 130. The
first clock delaying circuit 111 may receive the oscillating
signal ROD to delay the oscillating signal ROD. The first
clock delaying circuit 111 may provide the delayed oscil-
lating signal as a first control signal RCS. In a normal mode,
the first clock delaying circuit 111 may receive a first input
clock signal CLKI1 and may delay the first mnput clock
signal CLKI1 to generate a first output clock signal CLKO1.
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In a compensation mode, the first clock delaying circuit 111
may receive the oscillating signal ROD and may delay the
oscillating signal ROD to generate the first output clock
signal CLKO1, providing the first output clock signal
CLKO1 as the first control signal RCS. The first control
signal RCS may be generated based on an edge of the
oscillating signal ROD transitioning from a first logic level
to a second logic level. The first control signal RCS may be
generated when a period of time, corresponding to a delay
amount of the first clock delaying circuit 111, elapses after
the oscillating signal ROD transitions from the first logic
level to the second logic level. The first logic level may be
a low logic level and the second logic level may be a high
logic level. In an embodiment, the first logic level may be a
high logic level, and the second logic level may be a low
logic level. The normal mode may be a mode 1 which the
first clock delaying circuit 111 operates as a clock butfler. The
compensation mode may be a mode, mn which the delay
amount by the first clock delaying circuit 111 1s monitored.
The normal mode and the compensation mode may be
determined based on an enable signal OSCEN. When the
ecnable signal OSCEN 1s disabled, the oscillating signal
generating circuit 100 may operate 1n the normal mode, and
the first clock delaying circuit 111 may delay the first input
clock signal CLKI1 to generate the first output clock signal
CLKO1. When the enable signal OSCEN 1s enabled, the
oscillating signal generating circuit 100 may operate in the
compensation mode, and the first clock delaying circuit 111
may delay the oscillating signal ROD to generate the first
output clock signal CLKO1. The first clock delaying circuit
111 may be configured by a plurality of inverters or a
plurality of logic gates, which are sequentially and serially
coupled.

The timing control circuit 120 may receive the oscillating
signal ROD. The timing control circuit 120 may delay the
oscillating signal ROD by a fixed delay amount to generate
a second control signal FCS. The timing control circuit 120
may generate the second control signal FCS based on an
edge of the oscillating signal ROD transitioning from the
second logic level to the first logic level. The timing control
circuit 120 may generate the second control signal FCS
when a period of time, corresponding to the fixed delay
amount, elapses after the edge of the oscillating signal ROD
transitioming from the second logic level to the first logic
level 1s generated. The timing control circuit 120 may
include a delay replica 121 and a pulse generator 122. The
delay replica 121 may receive the oscillating signal ROD
and may delay the oscillating signal ROD by the fixed delay
amount. The delay replica 121 may be implemented by
modelling the first clock delaying circuit 111. Therefore, in
an 1deal case, the delay replica 121 may have the same delay
amount as the first clock delaying circuit 111. The pulse
generator 122 may be coupled to the delay replica 121 and
may receive an output signal from the delay replica 121. The
pulse generator 122 may generate the second control signal
FCS based on the output signal from the delay replica 121.

The oscillating driver 130 may receive the first control
signal RCS and the second control signal FCS and may
generate the oscillating signal ROD based on the first control
signal RCS and the second control signal FCS. The oscil-
lating driver 130 may drive the oscillating signal ROD to the
first logic level based on the first control signal RCS and
may drive the oscillating signal ROD to the second logic
level based on the second control signal FCS. The oscillating
driver 130 may control the oscillating signal ROD to tran-
sition from the second logic level to the first logic level when
the first control signal RCS 1s enabled and may control the
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oscillating signal ROD to transition from the first logic level
to the second logic level when the second control signal FCS
1s enabled. The oscillating driver 130 may receive a first
power voltage VH and a second power voltage VL and may
generate the oscillating signal ROD based on the first power
voltage VH and the second power voltage VL. The first
power voltage VH may have a higher voltage level than the
second power voltage VL. The first power voltage VH may
have a voltage level that 1s high enough to be regarded as a
high logic level. The second power voltage VL. may have a
voltage level that 1s low enough to be regarded as a low logic
level. The oscillating driver 130 may drive the oscillating
signal ROD to the voltage level of the second power voltage
VL based on the first control signal RCS and may drive the
oscillating signal ROD to the voltage level of the first power
voltage VH based on the second control signal FCS. The
oscillating driver 130 may further receive the enable signal
OSCEN. When the enable signal OSCEN 1s enabled, the
oscillating driver 130 may be activated and may generate the
oscillating signal ROD based on the first control signal RCS
and the second control signal FCS. When the enable signal
OSCEN 1s disabled, the oscillating driver 130 may be
deactivated and may fix the oscillating signal ROD to a
predetermined logic level regardless of the first control
signal RCS and the second control signal FCS. For example,
the oscillating driver 130 may disable the oscillating signal
ROD.

The oscillating signal generating circuit 100 may further
include a second clock delaying circuit 112 and a selecting
circuit 140. The second clock delaying circuit 112 may
receive the oscillating signal ROD to delay the oscillating
signal ROD. In the normal mode, the second clock delaying
circuit 112 may receive a second mput clock signal CLKI2
and may delay the second iput clock signal CLKI2 to
generate a second output clock signal CLKO2. In the
compensation mode, the second clock delaying circuit 112
may receirve the oscillating signal ROD, delay the oscillating
signal ROD to generate the second output clock signal
CLKO?2, and provide the second output clock signal CLKO2
to the selecting circuit 140. When the enable signal OSCEN
1s disabled, the oscillating signal generating circuit 100 may
operate 1n the normal mode, and the second clock delaying
circuit 112 may delay the second input clock signal CLKI2
to generate the second output clock signal CLKO2. When
the enable signal OSCEN 1s enabled, the oscillating signal
generating circuit 100 may operate 1 the compensation
mode, and the second clock delaying circuit 112 may delay
the oscillating signal ROD to generate the second output
clock signal CLKO2. The second clock delaying circuit 112
may be configured by a plurality of inverters or a plurality
of logic gates, which are sequentially and serially coupled.
The second clock delaying circuit 112 may have substan-
tially the same configuration as the first clock delaying
circuit 111. The delay replica 121 may be implemented by
modelling at least one of the first clock delaying circuit 111
and the second clock delaying circuit 112.

The selecting circuit 140 may be coupled to the first clock
delaying circuit 111 and the second clock delaying circuit
112. The selecting circuit 140 may receive the first output
clock signal CLKO1 and the second output clock signal
CLKO2 as output signals from the first clock delaying
circuit 111 and the second clock delaying circuit 112,
respectively. The selecting circuit 140 may further receive a
selection signal SEL. Based on the selection signal SEL, the
selecting circuit 140 may output, as the first control signal
RCS, one of the output signals from the first clock delaying
circuit 111 and the second clock delaying circuit 112. In the
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compensation mode, the selection signal SEL may be a
control signal for sequentially monitoring delay amounts of
the first clock delaying circuit 111 and the second clock
delaying circuit 112. For example, when the selection signal
SEL has a first logic level, the selecting circuit 140 may
output the first output cleek signal CLKO1 as the first
control signal RCS. When the selection signal SEL has a
second logic level, the selecting circuit 140 may output the
second output clock signal CLKO2 as the first control signal
RCS. When the first output clock signal CLKO1 1s selected
by the selecting circuit 140, the oscillating signal generating,
circuit 100 may generate the oscillating signal ROD, which
reflects a delay amount of the first clock delaying circuit 111.
When the second output clock signal CLKO?2 1s selected by
the selecting circuit 140, the oscillating signal generating
circuit 100 may generate the oscillating signal ROD, which
reflects a delay amount of the second clock delaying circuit
112. The selection signal SEL. may be implemented by any
control signal. For example, when the enable signal OSCEN
1s enabled and the oscillating signal generating circuit 100
operates 1n the compensation mode, an 1nmitial level of the
selection signal SEL may be at the first logic level. When
monitoring of the oscillating signal ROD generated by being
coupled to the first clock delaying circuit 111 1s completed,
the logic level of the selection signal SEL may transition to
the second logic level. The selection signal SELL may be
iitialized when the enable signal OSCEN 1s disabled.
FIG. 2 1s a diagram 1illustrating the pulse generator 122,
illustrated in FIG. 1. Referring to FIG. 2, the pulse generator
122 may include a first mverter 122-1, a delay 122-2, a
second inverter 122-3, and a NAND gate 122-4. The first
inverter 122-1 may receive the output signal from the delay
replica 121 (see FIG. 1) to mvert and drive the output signal
from the delay replica 121. The delay 122-2 may receive an
output from the first inverter 122-1 to delay the output from
the first inverter 122-1. The second inverter 122-3 may
receive an output ifrom the delay 122-2 to mnvert and drive
the output from the delay 122-2. The NAND gate 122-4 may
receive the output from the first inverter 122-1 and an output
from the second mverter 122-3 to output the second control
signal FCS. When the output from the delay replica 121
transitions from a high logic level to a low logic level, the
pulse generator 122 may generate, as the second control
signal FCS, a pulse signal of a low logic level having a pulse
width that corresponds to a delay amount of the delay 122-2.
FIG. 3 1s a diagram 1llustrating the oscillating driver 130,
illustrated 1n FIG. 1. Referring to FIG. 3, the oscillating
driver 130 may include a pull-up transistor 131, a pull-down
transistor 132, a NAND gate 133, a first inverter 134, and a
second inverter 135. Based on the second control signal
FCS, the pull-up transistor 131 may drive a driving node DN
to the first power voltage VH. The pull-up transistor 131
may be a P-channel MOS transistor. In an embodiment, the
pull-up transistor 131 may be implemented by a N-channel
MOS transistor. The pull-up transistor 131 may receive the
first power voltage VH at 1ts source and may be coupled to
the driving node DN at 1ts drain. The pull-up transistor 131
may receive the second control signal FCS at its gate. When
the second control signal FCS 1s enabled to a low logic level,
the pull-up transistor 131 may drive the driving node DN to
the first power voltage VH. Based on the first control signal
RCS, the pull-down transistor 132 may drive the drniving
nede DN to the second power voltage VL. The pull-down
transistor 132 may be a N-channel MOS ftransistor. The
pull-down transistor 132 may be coupled to the driving node
DN at 1ts drain and may receive the second power Veltage
VL at its source. The pull-down transistor 132 may receive
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the first control signal RCS at its gate. When the first control
signal RCS 1s enabled to a high logic level, the pull-down
transistor 132 may drive the driving node DN to the second
power voltage VL. The NAND gate 133 may be coupled to
the driving node DN and may receive a signal from the
driving node DN. The NAND gate 133 may receive the
signal from the driving node DN and the enable signal
OSCEN. When the enable signal OSCEN 1is enabled to a
high logic level, the NAND gate 133 may invert and drive
the signal from the drniving node DN. An output of the
NAND gate 133 may be coupled to a latching node LN. In
an embodiment, the oscillating driver 130 might not receive
the enable signal OSCEN, and the NAND gate 133 may be
replaced with an nverter. The first inverter 134 may be
coupled between the latching node LN and the driving node
DN. The first inverter 134 may invert and drive a signal from
the latching node LN and may output the inverted and driven
signal to the driving node DN. The first inverter 134 may
form, together with the NAND gate 133, an inversion latch
and may maintain logic levels of the driving node DN and
the latching node LN. The second mverter 135 may receive
the signal from the latching node LN and may invert and
drive the signal from the latching node LN to output the
oscillating signal ROD.

FIGS. 4A and 4B are timing diagrams illustrating an
operation of the oscillating signal generating circuit 100 1n
accordance with an embodiment. Described hereinafter with
reference to FIG. 1 to 4B will be an operation of the
oscillating signal generating circuit 100. Referring to FIG.
4 A, when the enable signal OSCEN is enabled, the selection
signal SELL may have a first logic level and the oscillating
signal generating circuit 100 may generate the oscillating
signal ROD through the first clock delaying circuit 111. For
convenience of description, the oscillating signal ROD that
1s generated through the connection to the first clock delay-
ing circuit 111 may be referred to as a first oscillating signal
ROD1. The first clock delaying circuit 111 may delay the
first oscillating signal ROD1 to generate the first output
clock signal CLKO1. The selecting circuit 140 may provide
the first output clock signal CLKO1 as the first control signal
RCS. The first control signal RCS may be delayed, to be
enabled to a high logic level, by a period of time that
corresponds to a delay amount TD1 of the first clock
delaying circuit 111 after the first oscillating signal ROD1
transitions from the low logic level to the high logic level.
The first control signal RCS may stay enabled for a period
of time that corresponds to a high-level pulse section of the
first oscillating signal ROD1. Based on the first control
signal RCS, the oscillating driver 130 may drive the driving
node DN to the second power voltage VL to control the first
oscillating signal ROD1 to transition from a high logic level
to a low logic level. The NAND gate 133 and the first
inverter 134 may maintain the logic level of the first oscil-
lating signal ROD1 at a low logic level. Within the timing
control circuit 120, the delay replica 121 may delay the first
oscillating signal RODI1, and the pulse generator 122 may
generate, based on the output from the delay replica 121, the
second control signal FCS that transitions to a low logic
level. The second control signal FCS may be delayed, to be
cnabled to a low logic level, by a period of time that
corresponds to a delay amount TDR of the delay replica 121
and a period of time that corresponds to a delay amount o
of the pulse generator 122 after the first oscillating signal
ROD1 transitions from a high logic level to a low logic level.
Based on the second control signal FCS, the oscillating
driver 130 may drive the driving node DN to the first power
voltage VH to control the first oscillating signal ROD1 to
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transition from a low logic level to a high logic level. The
NAND gate 133 and the first inverter 134 may maintain the
logic level of the first oscillating signal ROD1 at a high logic
level. Therefore, a high-level pulse section of the first
oscillating signal ROD1 may correspond to the delay 5
amount TD1 of the first clock delaying circuit 111 and a
low-level pulse section of the first oscillating signal ROD1
may correspond to the sum “TDR+a” of the delay amount
TDR of the delay replica 121 and the delay amount o of the
pulse generator 122. 10
After the oscillating signal ROD 1s generated through the
connection to the first clock delaying circuit 111, the selec-
tion signal SEL may change to have a second logic level and
the oscillating signal generating circuit 100 may generate the
oscillating signal ROD through the second clock delaying 15
circuit 112. For convenience of description, the oscillating
signal ROD that 1s generated through the connection to the
second clock delaying circuit 112 may be referred to as a
second oscillating signal ROD2. The second clock delaying
circuit 112 may delay the second oscillating signal ROD2 to 20
generate the second output clock signal CLKO2. The select-
ing circuit 140 may provide the second output clock signal
CLKO2 as the first control signal RCS. The first control
signal RCS may be delayed, to be enabled to a high logic
level, by a period of time that corresponds to a delay amount 25
TD2 of the second clock delaying circuit 112 after the
second oscillating signal ROD2 transitions from the low
logic level to the high logic level. The first control signal
RCS may stay enabled for a period of time that corresponds
to a high-level pulse section of the second oscillating signal 30
ROD2. Based on the first control signal RCS, the oscillating
driver 130 may drive the driving node DN to the second
power voltage VL to control the second oscillating signal
ROD2 to transition from a high logic level to a low logic
level. The NAND gate 133 and the first inverter 134 may 35
maintain the logic level of the second oscillating signal
ROD2 at a low logic level. Within the timing control circuit
120, the delay replica 121 may delay the second oscillating
signal ROD2, and the pulse generator 122 may generate,
based on the output from the delay replica 121, the second 40
control signal FCS that transitions to a low logic level. The
second control signal FCS may be delayed, to be enabled to
a low logic level, by a period of time that corresponds to the
delay amount TDR of the delay replica 121 and a period of
time that corresponds to the delay amount a of the pulse 45
generator 122 after the second oscillating signal ROD2
transitions from a high logic level to a low logic level. Based
on the second control signal FCS, the oscillating driver 130
may drive the driving node DN to the first power voltage VH
to control the second oscillating signal ROD2 to transition 50
from a low logic level to a high logic level. The NAND gate
133 and the first inverter 134 may maintain the logic level
of the second oscillating signal ROD2 at a high logic level.
Therefore, a high-level pulse section of the second oscillat-
ing signal ROD2 may correspond to the delay amount TD2 55
of the second clock delaying circuit 112, and a low-level
pulse section of the second oscillating signal ROD2 may
correspond to the sum ‘“TDR+a’ of the delay amount TDR
of the delay replica 121 and the delay amount a of the pulse
generator 122. 60
When comparing the first oscillating signal ROD1 and the
second oscillating signal ROD2 with each other, the high-
level pulse sections of the first oscillating signal ROD1 and
the second oscillating signal ROD2 may vary based on the
delay amount TD1 of the first clock delaying circuit 111 and 65
the delay amount TD2 of the second clock delaying circuit
112, respectively, while each of the low-level pulse sections
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of the first oscillating signal ROD1 and the second oscillat-
ing signal ROD2 may be the same as the sum ‘TDR+a” of
the delay amounts of the delay replica 121 and the pulse
generator 122. Therefore, a period of time between each of
the first oscillating signal ROD1 and the second oscillating
signal ROD?2 transitioning to a low logic level and each of
the first oscillating signal ROD1 and the second oscillating
signal ROD2 transitioning to a high logic level may be
consistent regardless of a delay amount skew between the
first clock delaying circuit 111 and the second clock delaying
circuit 112. In general, a semiconductor apparatus may be
synchronized with at least one of a rising edge and a falling,
edge of a clock signal. For example, when the semiconduc-
tor apparatus 1s synchronized with the rising edge of the
clock signal, a timing of the falling edge might not be more
important than a timing of the rising edge. The oscillating
signal generating circuit 100 may set the period of time
between the oscillating signal ROD transitioming to a low
logic level and the oscillating signal ROD transitioning to a
high logic level, for the oscillating signal ROD, to be
consistent 1n not including a timing skew between the falling
edges of the first output clock signal CLKO1 and the second
output clock signal CLKO2. On the other hand, the oscil-
lating signal generating circuit 100 may set the period of
time between the oscillating signal ROD transitioning to a
high logic level and the oscillating signal ROD transitioning
to a low logic level, for the oscillating signal ROD, to be
variable according to the delay amounts of the first clock
delaying circuit 111 and the second clock delaying circuit
112 to include only a timing skew between rising edges of
the first output clock signal CLLKO1 and the second output
clock signal CLKO?2.

Referring to FIG. 4B, when the first clock delaying circuit
111 1s implemented by a plurality of inverters, a path A
(1llustrated with a dotted line) may be a path for generating
a falling edge of the first output clock signal CLKO1 and a
rising edge of the oscillating signal ROD, and a path B
(1llustrated with an alternate long and short dash line) may
be a path for generating a rising edge of the first output clock
signal CLKO1 and a falling edge of the oscillating signal
ROD. A situation may arise in which a transistor deteriorates
within the path A and no transistors deteriorate within the
path B. In this situation, as illustrated in FIG. 4B, a first
oscillating signal ROD1' that 1s generated according to a
prior art may have a relatively short high-level section and
a relatively long low-level section. On the other hand,
according to an embodiment, the oscillating signal generat-
ing circuit 100 may generate the rising edge of the first
oscillating signal ROD1 through the timing control circuit
120 including the delay replica 121. The second clock
delaying circuit 112 might not deteriorate, and therefore, a
second oscillating signal ROD2' that 1s generated according
to a prior art may have high-level and low-level sections of
substantially the same duration. On the other hand, accord-
ing to an embodiment, the oscillating signal generating
circuit 100 may generate the rnising edge of the second
oscillating signal ROD2 through the timing control circuit
120 including the delay replica 121. Therefore, according to
an embodiment, even when the first clock delaying circuit
111 deteriorates, the periods of the first oscillating signal
ROD1 and the second oscillating signal ROD2 may be
substantially the same as each other. That 1s, even when a
timing skew occurs between the falling edges due to the first
clock delaying circuit 111 and the second clock delaying
circuit 112, the oscillating signal generating circuit 100
might not include the timing skew between the falling edges
in the oscillating signal ROD while including only the
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timing skew between the rising edges 1n the oscillating
signal ROD. Therefore, the oscillating signal generating
circuit 100 may precisely detect the timing skew between
the rising edges due to the first clock delaying circuit 111 and
the second clock delaying circuit 112 to effectively correct
the phase skew of the first clock delaying circuit 111 and the
second clock delaying circuit 112.

FIG. 5 1s a diagram illustrating a configuration of an
oscillating signal generating circuit 200 in accordance with
an embodiment. Referring to FIG. 5, the oscillating signal
generating circuit 200 may include a first clock delaying
circuit 211, a first timing control circuit 250, a second timing
control circuit 220 and an oscillating driver 230. The second
timing control circuit 220 may include a delay replica 221,
and a first pulse generator 222. The first clock delaying
circuit 211, the second timing control circuit 220 and the
oscillating driver 230 may be substantially the same ele-
ments as the first clock delaying circuit 111, the timing
control circuit 120, and the oscillating driver 130, 1llustrated
in FIG. 1, respectively, and therefore, the description for the
same elements will be omitted. The first timing control
circuit 250 may receirve the output signal from the first clock
delaying circuit 211 to generate the first control signal RCS
based on the output signal from the first clock delaying
circuit 211. The first timing control circuit 250 may generate
the first control signal RCS based on the edge of the
oscillating signal ROD transitioming from the second logic
level to the first logic level. The first timing control circuit
250 may include a second pulse generator 251. The second
pulse generator 251 may receive the first output clock signal
CLKO1 to generate the first control signal RCS based on the
first output clock signal CLKO1. The oscillating signal
generating circuit 200 may further include a second clock
delaying circuit 212 and a selecting circuit 240. The second
clock delaying circuit 212 and the selecting circuit 240 may
be substantially the same elements as the second clock
delaying circuit 112 and the selecting circuit 140, 1llustrated
in FIG. 1, respectively. The first timing control circuit 250
may generate the first control signal RCS based on the
output signal 241 from the selecting circuit 240. The oscil-
lating signal generating circuit 100 (see FIG. 1) may pro-
vide, as the first control signal RCS, the oscillating signal
ROD that 1s delayed by one of the first clock delaying circuit
111 and the second clock delaying circuit 112. The oscillat-
ing signal generating circuit 200 of FIG. 5 may generate the
first control signal RCS, which 1s of a pulse type, from the
oscillating signal ROD that 1s delayed by one of the first
clock delaying circuit 211 and the second clock delaying
circuit 212, which 1s similar to the second control signal
FCS.

FI1G. 6 1s a diagram 1illustrating the second pulse generator
251, illustrated 1in FIG. 5. Referring to FIG. 6, the second
pulse generator 251 may include a first mverter 251-1, a
delay 251-2, a second inverter 251-3, and a NOR gate 251-4.
The first mverter 251-1 may receive the output signal 241
from the selecting circuit 240 to 1nvert and drive the output
signal 241 from the selecting circuit 240. The delay 251-2
may receive an output from the first inverter 251-1 to delay
the output from the first inverter 251-1. The second inverter
251-3 may recerve an output from the delay 251-2 to mvert
and drive the output from the delay 251-2. The NOR gate
251-4 may receive the output from the first inverter 251-1
and an output from the second inverter 251-3 to output the
first control signal RCS. When the output signal 241 from
the selecting circuit 240 transitions from a low logic level to
a high logic level, the second pulse generator 251 may
generate, as the first control signal RCS, a pulse signal of a
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high logic level having a pulse width that corresponds to a
delay amount of the delay 251-2.

FIG. 7 1s a timing diagram 1illustrating an operation of an
oscillating signal generating circuit 200, 1llustrated in FIG.
6, 1n accordance with an embodiment. Described hereinatter
with reference to FIGS. 6 and 7 will be an operation of the
oscillating signal generating circuit 200. When the enable
signal OSCEN 1s enabled, the selection signal SEL. may
have a first logic level, and the oscillating signal generating
circuit 200 may generate the oscillating signal ROD through
the first clock delaying circuit 211. The first clock delaying
circuit 211 may delay the oscillating signal ROD to generate
the first output clock signal CLKO1. The selecting circuit
240 may provide the first timing control circuit 250 with the
first output clock signal CLKO1 as the output signal 241.
The first ttiming control circuit 250 may generate the first
control signal RCS that 1s enabled to a high logic level when
a period of time, corresponding to the delay amount TD1 of
the first clock delaying circuit 211, elapses aiter the oscil-
lating signal ROD transitions from the low logic level to the
high logic level. The first control signal RCS may be enabled
in a pulse form by the second pulse generator 251. Based on
the first control signal RCS, the oscillating driver 230 may
control the oscillating signal ROD to transition from a high
logic level to a low logic level. Within the second timing
control circuit 220, the delay replica 221 may delay the
oscillating signal ROD, and the first pulse generator 222
may generate, based on an output from the delay replica 221,
the second control signal FCS that transitions to a low logic
level. The second control signal FCS may be delayed, to be
cnabled to a low logic level, by a period of time that
corresponds to the delay amount TDR of the delay replica
221 and a period of time that corresponds to the delay
amount ¢ of the first pulse generator 222 after the oscillating
signal ROD transitions from a high logic level to a low logic
level. Based on the second control signal FCS, the oscillat-
ing driver 230 may control the oscillating signal ROD to
transition from a low logic level to a high logic level.
Therefore, a high-level pulse section of the oscillating signal
ROD may correspond to the delay amount TD1 of the first
clock delaying circuit 211, and a low-level pulse section of
the oscillating signal ROD may correspond to the sum
“TDR+0a of the delay amount TDR of the delay replica 221
and the delay amount o of the first pulse generator 222.
When the output signals from the first clock delaying circuit
111 and the second clock delaying circuit 112 are provided
directly as the first control signal RCS, as illustrated in FIG.
1, there may be a restriction to set the delay amount TDR of
the delay replica 121. When the delay amount TDR of the
delay replica 121 1s less than the delay amount of the first
clock delaying circuit 111 or the second clock delaying
circuit 112, a situation may arise in which the second control
signal FCS 1s enabled before the first control signal RCS 1s
disabled. When the enabled sections of the first control
signal RCS and the second control signal FCS overlap each
other, 1t may be hard for the oscillating driver 130 to
normally drive the oscillating signal ROD. However, the
first timing control circuit 250 (see FIG. 5) may generate the
oscillating signal ROD having a pulse form, which is the
same as the second control signal FCS, and therefore, the
delay amount TDR of the delay replica 221 may be removed
or reduced based on the restriction that 1s set.

FIG. 8 1s a diagram 1llustrating a configuration of an
oscillating signal generating circuit 300 in accordance with
an embodiment. Referring to FIG. 8, the oscillating signal
generating circuit 300 may include a first clock delaying
circuit 311, a set pulse generator 320, a reset pulse generator
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330, and an oscillating driver 340. The first clock delaying
circuit 311 may be substantially the same element as the first
clock delaying circuit 111, illustrated in FIG. 1, and there-
fore, the description on the first clock delaying circuit 311
will be omitted. The set pulse generator 320 may receive the
output signal from the first clock delaying circuit 311 and
may generate a set pulse signal SE'T based on the output
signal from the first clock delaying circuit 311. The set pulse
generator 320 may generate, based on the output signal from
the first clock delaying circuit 311, the set pulse signal SET
that 1s synchronized with one of the rising and falling edges
of the oscillating signal ROD. For example, the set pulse
generator 320 may receive the output signal from the first
clock delaying circuit 311 to generate the set pulse signal
SE'T based on an edge of the oscillating signal ROD tran-
sitioning from a first logic level to a second logic level. The
set pulse generator 320 may generate the set pulse signal
SE'T when a period of time, corresponding to the delay
amount of the first clock delaying circuit 311, elapses after
the edge of the oscillating signal ROD 1s generated. The
reset pulse generator 330 may receive the set pulse signal
SE'T from the set pulse generator 320. The reset pulse
generator 330 may generate a reset pulse signal RST based
on the set pulse signal SET. The reset pulse generator 330
may enable the reset pulse signal RST when the set pulse
signal SET 1s disabled.

The oscillating driver 340 may receive the set pulse signal
SE'T and the reset pulse signal RST and may generate the
oscillating signal ROD based on the set pulse signal SET and
the reset pulse signal RST. The oscillating driver 340 may
drive the oscillating signal ROD to the first logic level based
on the set pulse signal SET and may drive the oscillating
signal ROD to the second logic level based on the reset pulse
signal RST. The oscillating driver 340 may control the
oscillating signal ROD to transition from the second logic
level to the first logic level when the set pulse signal SET 1s
enabled and to transition from the first logic level to the
second logic level when the reset pulse signal RST 1s
enabled. The oscillating driver 340 may receive a first power
voltage VH and a second power voltage VL and may
generate the oscillating signal ROD based on the first power
voltage VH and the second power voltage VL. The oscil-
lating driver 340 may drive the oscillating signal ROD to a
voltage level of the second power voltage VL based on the
set pulse signal SE'T and may drnive the oscillating signal
ROD to a voltage level of the first power voltage VH based
on the reset pulse signal RST. The oscillating driver 340 may
turther receive the enable signal OSCEN. When the enable
signal OSCEN 1s enabled, the oscillating driver 340 may be
activated to generate the oscillating signal ROD based on the
set pulse signal SE'T and the reset pulse signal RST. When
the enable signal OSCEN 1s disabled, the oscillating driver
340 may be deactivated to fix the oscillating signal ROD to
a predetermined logic level regardless of the set pulse signal
SE'T and the reset pulse signal RST. The oscillating driver
340 may have substantially the same configuration as the
oscillating driver 130, 1llustrated i FIG. 3, except that the
oscillating driver 340 receives the set pulse signal SET
instead of the first control signal RCS and receives the reset
pulse signal RST instead of the second control signal FCS.

The oscillating signal generating circuit 300 may further
include a second clock delaying circuit 312 and a selecting
circuit 350. The second clock delaying circuit 312 and the
selecting circuit 350 may be substantially the same elements
as the second clock delaying circuit 112 and the selecting
circuit 140, illustrated in FIG. 1, respectively, and therefore,
the description for the same elements will be omitted. When
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the oscillating signal generating circuit 300 includes the
selecting circuit 350, the set pulse generator 320 may receive
the output signal 351 from the selecting circuit 350 and may
generate the set pulse signal SET based on the output signal
351 from the selecting circuit 350. According to the oscil-
lating signal generating circuit 300, a timing to generate the
set pulse signal SET may depend on the delay amounts of
the first clock delaying circuit 311 and the second clock
delaying circuit 312 while a timing to enable the reset pulse
signal RST may be consistently a timing to disable the set
pulse signal SE'T. Therefore, the oscillating signal generat-
ing circuit 300 may generate the oscillating signal ROD,
including therein only the timing skew between the rising
edges due to the first clock delaying circuit 311 and the
second clock delaying circuit 312, without including therein
the timing skew between the falling edges due to the first
clock delaying circuit 311 and the second clock delaying
circuit 312.

FIG. 9 1s a diagram 1illustrating the set pulse generator
320, 1llustrated 1in FIG. 8. Referring to FIG. 9, the set pulse
generator 320 may include a first inverter 321, a delay 322,
a second 1nverter 323, and a NOR gate 324. The first inverter
321 may receive the output signal 351 from the selecting
circuit 350 to invert and drive the output signal 351 from the
selecting circuit 350. The delay 322 may receive an output
from the first inverter 321 to delay the output from the first
inverter 321. The second inverter 323 may receive an output
from the delay 322 to invert and drive the output from the
delay 322. The NOR gate 324 may receive the output from
the first inverter 321 and an output from the second inverter
323 to output the set pulse signal SET. When the output
signal 351 from the selecting circuit 350 transitions from a
high logic level to a low logic level, the set pulse generator
320 may generate, as the set pulse signal SET, a pulse signal
of a high logic level having a pulse width that corresponds
to a delay amount of the delay 322.

FIG. 10 1s a diagram 1illustrating the reset pulse generator
330, illustrated 1n FIG. 8. Referring to FIG. 10, the reset
pulse generator 330 may include a first inverter 331, a delay
332, a second mverter 333 and a NAND gate 334. The first
inverter 331 may receive the set pulse signal SET to mvert
and drive the set pulse signal SET. The delay 332 may
receive an output from the first inverter 331 to delay the
output from the first inverter 331. The second inverter 333
may recerve an output from the delay 332 to invert and drive
the output from the delay 332. The NAND gate 334 may
receive the output from the first mnverter 331 and an output
from the second 1nverter 333 to output the reset pulse signal
RST. When the set pulse signal SET transitions from a high
logic level to a low logic level, the reset pulse generator 330
may generate, as the reset pulse signal RST, a pulse signal
of a low logic level having a pulse width that corresponds to
a delay amount of the delay 332.

FIG. 11 1s a ttiming diagram 1illustrating an operation of the
oscillating signal generating circuit 300 1n accordance with
an embodiment. Referring to FIGS. 8 to 11, when the enable
signal OSCEN 1s enabled, the selection signal SEL may
have a first logic level and the oscillating signal generating
circuit 300 may generate the oscillating signal ROD through
the first clock delaying circuit 311. The first clock delaying
circuit 311 may delay the oscillating signal ROD to generate
the first output clock signal CLKO1. The selecting circuit
350 may provide the set pulse generator 320 with the first
output clock signal CLKO1. The set pulse generator 320
may generate the set pulse signal SET that 1s enabled to a
high logic level when a period of time, corresponding to the
delay amount TD1 of the first clock delaying circuit 311,
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clapses after the oscillating signal ROD transitions from the
low logic level to a high logic level. Based on the set pulse
signal SE'T, the oscillating driver 340 may control the
oscillating signal ROD to transition from a high logic level
to a low logic level. The reset pulse generator 330 may
generate the reset pulse signal RST that 1s enabled to a low
logic level when the set pulse signal SET 1s disabled. Based
on the reset pulse signal RST, the oscillating driver 340 may
control the oscillating signal ROD to transition from a low
logic level to a high logic level. Theretfore, a high-level pulse
section of the oscillating signal ROD may correspond to the
delay amount TD1 of the first clock delaying circuit 311, and
a low-level pulse section of the oscillating signal ROD may
correspond to the pulse width of the set pulse signal SET.

FIG. 12 1s a diagram illustrating a configuration of a
semiconductor apparatus 400 1n accordance with an embodi-
ment. Referring to FIG. 12, the semiconductor apparatus
400 may include at least two clock delaying circuits, an
oscillating control circuit 430, and a delay information
generating circuit 440. FIG. 12 1llustrates four clock delay-
ing circuits, but the number of clock delaying circuits 1s not
limited thereto. The semiconductor apparatus 400 may
include first to fourth clock delaying circuits 411, 412, 413
and 414. The first clock delaying circuit 411 may receive a
first phase clock signal ICLK and an oscillating signal ROD
to generate a first output clock signal ICLKO. The first clock
delaying circuit 411 may delay the first phase clock signal
ICLK to generate the first output clock signal ICLKO 1n a
normal mode and may delay the oscillating signal ROD to
generate the first output clock signal ICLKO 1n a compen-
sation mode. The first clock delaying circuit 411 may have
a fixed delay amount. In an embodiment, the first clock
delaying circuit 411 may have a varniable delay amount. The
first clock delaying circuit 411 may further receive an enable
signal OSCEN. When the enable signal OSCEN 1s disabled,
the first clock delaying circuit 411 may delay the first phase
clock signal ICLK to generate the first output clock signal
ICLKO. When the enable signal OSCEN 1s enabled, the first
clock delaying circuit 411 may delay the oscillating signal
ROD to generate the first output clock signal ICLKO.

The second clock delaying circuit 412 may receive a
second phase clock signal QCLK and the oscillating signal
ROD to generate a second output clock signal QCLKO. The
second clock delaying circuit 412 may delay the second
phase clock signal QCLK to generate the second output
clock signal QCLKO 1n the normal mode and may delay the
oscillating signal ROD to generate the second output clock
signal QCLKO 1n the compensation mode. The second clock
delaying circuit 412 may receive a first delay control signal
DQC. A delay amount of the second clock delaying circuit
412 may change based on the first delay control signal DQC.
The second clock delaying circuit 412 may further receive
the enable signal OSCEN. When the enable signal OSCEN
1s disabled, the second clock delaying circuit 412 may delay
the second phase clock signal QCLK to generate the second
output clock signal QCLKO. When the enable signal
OSCEN 1s enabled, the second clock delaying circuit 412
may delay the oscillating signal ROD to generate the second
output clock signal QCLKO.

The third clock delaying circuit 413 may receive a third
phase clock signal IBCLK and the oscillating signal ROD to
generate a third output clock signal IBCLKO. The third
clock delaying circuit 413 may delay the third phase clock
signal IBCLK to generate the third output clock signal
IBCLKO 1n the normal mode and may delay the oscillating
signal ROD to generate the third output clock signal
IBCLKO 1n the compensation mode. The third clock delay-

10

15

20

25

30

35

40

45

50

55

60

65

16

ing circuit 413 may receive a second delay control signal
DIBC. A delay amount of the third clock delaying circuit
413 may change based on the second delay control signal
DIBC. The third clock delaying circuit 413 may further
receive the enable signal OSCEN. When the enable signal
OSCEN 1s disabled, the third clock delaying circuit 413 may
delay the third phase clock signal IBCLK to generate the
third output clock signal IBCLKO. When the enable signal
OSCEN is enabled, the third clock delaying circuit 413 may
delay the oscillating signal ROD to generate the third output
clock signal IBCLKO.

The fourth clock delaying circuit 414 may receive a fourth
phase clock signal QBCLK and the oscillating signal ROD
to generate a fourth output clock signal QBCLKO. The
fourth clock delaying circuit 414 may delay the fourth phase
clock signal QBCLK to generate the fourth output clock
signal QBCLKO 1n the normal mode and may delay the
oscillating signal ROD to generate the fourth output clock
signal QBCLKO 1n the compensation mode. The fourth
clock delaying circuit 414 may receive a third delay control
signal DQBC. A delay amount of the fourth clock delaying
circuit 414 may change based on the third delay control
signal DQBC. The fourth clock delaying circuit 414 may
turther receive the enable signal OSCEN. When the enable
signal OSCEN 1s disabled, the fourth clock delaying circuit
414 may delay the fourth phase clock signal QBCLK to
generate the fourth output clock signal QBCLKO. When the
enable signal OSCEN 1s enabled, the fourth clock delaying
circuit 414 may delay the oscillating signal ROD to generate
the fourth output clock signal QBCLKO.

The first to fourth phase clock signals ICLK, QCLK,
IBCLK, and QBCLK may sequentially have a predeter-
mined phase difference between each other. For example,
the first phase clock signal ICLK may have a leading phase
of 90° to the second phase clock signal QCLK, and the
second phase clock signal QCLK may have a leading phase
of 90° to the third phase clock signal IBCLK. The third
phase clock signal IBCLK may have a leading phase of 90°
to the fourth phase clock signal QBCLK, and the fourth
phase clock signal QBCLK may have a leading phase of 90°
to the first phase clock signal ICLK. The semiconductor
apparatus 400 may further include a multi-phase clock
signal generating circuit 420. Based on clock signal pair
CLK and CLKB, the multi-phase clock signal generating
circuit 420 may generate the first to fourth phase clock
signals ICLK, QCLK, IBCLK, and QBCLK. The multi-
phase clock signal generating circuit 420 may include any
clock generating circuit configured to generate a plurality of
phase clock signals having a phase diflerence by correcting
a phase of the clock signal parr CLK and CLKB or by
dividing a frequency of the clock signal pair CLK and
CLKB. For example, the multi-phase clock signal generat-
ing circuit 420 may include at least one of a delay locked
loop circuit, a phase locked loop circuit, a phase nterpola-
tion circuit, and a frequency dividing circuit.

The first to fourth clock delaying circuits 411, 412, 413,
and 414 may have substantially the same configuration and
may have 1deally the same delay amount. However, due to
a local process variation and degradation, real delay amounts
of the first to fourth clock delaying circuits 411, 412, 413,
and 414 may be different from each other. When the delay
amounts of the first to fourth clock delaying circuits 411,
412, 413, and 414 are different from each other, 1t 1s hard to
keep, to 90°, the phase difference between the first to fourth
output clock signals ICLKO, QCLKO, IBCLKO, and
QBCLKO that are generated from the first to fourth phase
clock signals ICLK, QCLK, IBCLK, and QBCLK and
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therefore reduced will be a valid window or a duration of a
signal that 1s synchronized with the first to fourth output
clock signals ICLKO, QCLKO, IBCLKO, and QBCLKO. In
order to compensate for a delay amount skew among the first
to Tourth clock delaying circuits 411, 412, 413, and 414, the
semiconductor apparatus 400 may operate in the compen-
sation mode. In the compensation mode, the semiconductor
apparatus 400 may monitor the delay amounts of the first to
fourth clock delaying circuits 411, 412, 413, and 414 to
change the delay amounts of at least the second to fourth
clock delaying circuits 412, 413, and 414. For example, the
first clock delaying circuit 411 may be a reference delaying
circuit and the delay amount of the first clock delaying
circuit 411 may be a reference delay amount. The semicon-
ductor apparatus 400 may compare each of the delay
amounts of the second to fourth clock delaying circuits 412,
413, and 414 with the delay amount of the first clock
delaying circuit 411 to set each delay amount of the second
to fourth clock delaying circuits 412, 413, and 414 to be the
same as the delay amount of the first clock delaying circuit
411 thereby correcting the delay amount skew among the
first to fourth clock delaying circuits 411, 412, 413, and 414.
In order to correct the delay amount skew, among the first to
tourth clock delaying circuits 411, 412, 413, and 414, the
semiconductor apparatus 400 may include the oscillating
control circuit 430 and the delay information generating
circuit 440.

The oscillating control circuit 430 may receive the first to
tourth output clock signals ICLKO, QCLKO, IBCLKO, and
QBCLKO respectively from the first to fourth clock delay-
ing circuits 411, 412, 413, and 414. The oscillating control
circuit 430 may be sequentially coupled to the first to fourth
clock delaying circuits 411, 412, 413, and 414 and may
generate the oscillating signal ROD according to the delay
amounts of the first to fourth clock delaying circuits 411,
412, 413, and 414. The oscillating control circuit 430 may
select one of the first to fourth output clock signals ICLKO,
QCLKO, IBCLKO, and QBCLKO and may generate the
oscillating signal ROD based on the selected output clock
signal. In an embodiment, based on one of the first to fourth
output clock signals ICLKO, QCLKO, IBCLKO, and
QBCLKO, the oscillating control circuit 430 may control
the oscillating signal ROD to transition from a second logic
level to a first logic level. Based on a signal that 1s generated
by delaying the oscillating signal ROD by a fixed delay
amount, the oscillating control circuit 430 may control the
oscillating signal ROD to transition from the first logic level
to the second logic level. In an embodiment, the oscillating
control circuit 430 may generate the set pulse signal SET
based on one of the first to fourth output clock signals
ICLKO, QCLKO, IBCLKO, and QBCLKO to control the
oscillating signal ROD to transition from the second logic
level to the first logic level. The oscillating control circuit
430 may generate the reset pulse signal RST based on the set
pulse signal SET to control the oscillating signal ROD to
transition from the first logic level to the second logic level.
The oscillating control circuit 430 may receive the enable
signal OSCEN. The oscillating control circuit 430 may be
activated based on the enable signal OSCEN. When the
ecnable signal OSCEN 1is enabled, the oscillating control
circuit 430 may be coupled to one of the first to fourth clock
delaying circuits 411, 412, 413, and 414 to generate the
oscillating signal ROD. At least a part of the elements within
the oscillating signal generating circuits 100, 200, and 300,
respectively, illustrated in FIGS. 1, 5, and 8, may be applied
as the oscillating control circuit 430. When the oscillating
signal generating circuit 100 (see FIG. 1) 1s applied as the
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oscillating control circuit 430, the oscillating control circuit
430 may include the selecting circuit 140, the timing control
circuit 120, and the oscillating driver 130. When the oscil-
lating signal generating circuit 200 (see FIG. 5) 1s applied as
the oscillating control circuit 430, the oscillating control
circuit 430 may include the selecting circuit 240, the first
timing control circuit 250, the second timing control circuit
220, and the oscillating driver 230. When the oscillating
signal generating circuit 300 (see FIG. 8) 1s applied as the
oscillating control circuit 430, the oscillating control circuit
430 may include the selecting circuit 350, the set pulse
generator 320, the reset pulse generator 330, and the oscil-
lating driver 340. However, the selection signal SEL that 1s
provided to control the selecting circuits 140, 240, and 350

may be modified to include multiple bits for selecting one of
the first to fourth output clock signals ICLKO, QCLKO,

IBCLKO, and QBCLKO.

The delay information generating circuit 440 may be
coupled to the oscillating control circuit 430 and may be
configured to receive the oscillating signal ROD. Based on
the oscillating signal ROD, the delay information generating
circuit 440 may generate the first delay control signal DQC,
the second delay control signal DIBC, and the third delay
control signal DQBC. The delay information generating
circuit 440 may generate delay information for each of the
first to fourth clock delaying circuits 411, 412, 413, and 414.
For example, the delay information generating circuit 440
may be coupled to the first clock delaying circuit 411 and
may be configured to generate first delay information based
on the oscillating signal ROD that 1s generated from the first
output clock signal ICLKO. The delay imnformation gener-
ating circuit 440 may be coupled to the second clock
delaying circuit 412 and may be configured to generate
second delay information based on the oscillating signal
ROD that 1s generated from the second output clock signal
QCLKO. The delay information generating circuit 440 may
be coupled to the third clock delaying circuit 413 and may
be configured to generate third delay information based on
the oscillating signal ROD that 1s generated from the third
output clock signal IBCLKO. The delay information gen-
crating circuit 440 may be coupled to the fourth clock
delaying circuit 414 and may be configured to generate
fourth delay information based on the oscillating signal
ROD that 1s generated from the fourth output clock signal
QBCLK. The delay information generating circuit 440 may
compare and operate the first delay information with the
second to fourth delay information and may generate the
first to third delay control signals DQC DIBC and DQBC
according to the results of the comparison and operation,
respectively. The delay information generating circuit 440
may compare and operate the second delay information with
the first delay information to generate the first delay control
signal DQC and may provide the first delay control signal
DQC to the second clock delaying circuit 412. The first
delay control signal DQC may be generated based on the
difference between the second delay information and the
first delay information, and the delay amount of the second
clock delaying circuit 412 may become substantially the
same as the delay amount of the first clock delaying circuit
411 based on the first delay control signal DQC. The delay
information generating circuit 440 may compare and operate
the third delay information with the first delay information
to generate the second delay control signal DIBC and may
provide the second delay control signal DIBC to the third
clock delaying circuit 413. The second delay control signal
DIBC may be generated based on the difference between the
third delay information and the first delay information, and
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the delay amount of the third clock delaying circuit 413 may
become substantially the same as the delay amount of the
first clock delaying circuit 411 based on the second delay
control signal DIBC. The delay information generating
circuit 440 may compare and operate the fourth delay
information with the first delay information to generate the
third delay control signal DQBC and may provide the third
delay control signal DQBC to the fourth clock delaying
circuit 414. The third delay control signal DQBC may be
generated based on the difference between the fourth delay
information and the first delay information, and the delay
amount of the fourth clock delaying circuit 414 may become
substantially the same as the delay amount of the first clock
delaying circuit 411 based on the third delay control signal
DQBC. The first to third delay control signals DQC, DIBC,
and DQBC may be digital signals, each having multiple baits,
and may be analogue signals having various voltage levels.

FI1G. 13 15 a diagram 1llustrating a connection relationship
between each of the first to fourth clock delaying circuits
411, 412, 413, and 414 and the oscillating control circuit
430, 1llustrated 1n FIG. 12. Referring to FIG. 13, the first
clock delaying circuit 411 may include a first switch 411-1
and a fixed delay line 411-2. Based on the enable signal
OSCEN, the first switch 411-1 may provide the fixed delay
line 411-2 with one of the first phase clock signal ICLK and
the oscillating signal ROD. The first switch 411-1 may
provide the first phase clock signal ICLK to the fixed delay
line 411-2 when the enable signal OSCEN 1s disabled and
may provide the oscillating signal ROD to the fixed delay
line 411-2 when the enable signal OSCEN 1s enabled. The
fixed delay line 411-2 may have a fixed delay amount. The
fixed delay line 411-2 may delay the output signal from the
first switch 411-1 to output the first output clock signal
ICLKO. In an embodiment, the fixed delay line 411-2 may
be substituted with a variable delay line.

The second clock delaying circuit 412 may include a
second switch 412-1 and a vanable delay line 412-2. Based
on the enable signal OSCEN, the second switch 412-1 may
provide the variable delay line 412-2 with one of the second
phase clock signal QCLK and the oscillating signal ROD.
The second switch 412-1 may provide the second phase
clock signal QCLK to the variable delay line 412-2 when the
enable signal OSCEN 1s disabled and may provide the
oscillating signal ROD to the variable delay line 412-2 when
the enable signal OSCEN 1s enabled. The variable delay line
412-2 may receive the first delay control signal DQC. The
delay amount of the variable delay line 412-2 may vary
based on the first delay control signal DQC. The variable
delay line 412-2 may variably delay the output signal from
the second switch 412-1 to output the second output clock
signal QCLKO.

The third clock delaying circuit 413 may include a third
switch 413-1 and a variable delay line 413-2. Based on the
enable signal OSCEN, the third switch 413-1 may provide
the vanable delay line 413-2 with one of the third phase
clock signal IBCLK and the oscillating signal ROD. The
third switch 413-1 may provide the third phase clock signal
IBCLK to the vanable delay line 413-2 when the enable
signal OSCEN 1s disabled and may provide the oscillating
signal ROD to the variable delay line 413-2 when the enable
signal OSCEN 1s enabled. The variable delay line 413-2 may
receive the second delay control signal DIBC. The delay
amount of the variable delay line 413-2 may vary based on
the second delay control signal DIBC. The vanable delay
line 413-2 may variably delay the output signal from the
third switch 413-1 to output the third output clock signal
IBCLKO.
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The fourth clock delaying circuit 414 may include a
fourth switch 414-1 and a variable delay line 414-2. Based
on the enable signal OSCEN, the fourth switch 414-1 may
provide the variable delay line 414-2 with one of the fourth
phase clock signal QBCLK and the oscillating signal ROD.
The fourth switch 414-1 may provide the fourth phase clock
signal QBCLK to the variable delay line 414-2 when the
enable signal OSCEN 1s disabled and may provide the
oscillating signal ROD to the variable delay line 414-2 when
the enable signal OSCEN 1s enabled. The variable delay line
414-2 may receive the third delay control signal DQBC. The
delay amount of the variable delay line 414-2 may vary
based on the third delay control signal DQBC. The variable
delay line 414-2 may variably delay the output signal from
the fourth switch 414-1 to output the fourth output clock
signal QBCLKO.

The oscillating control circuit 430 may 1nclude at least a
part of the elements included 1n each of the oscillating signal
generating circuits 100 and 200, illustrated in FIGS. 1 and 5.
The oscillating control circuit 430 may include a selecting
circuit 510, a second timing control circuit 520, and an

oscillating driver 530. The selecting circuit 510 may receive
the first to fourth output clock signals ICLKO, QCLKO,

IBCLKO, and QBCLKO to output, based on the selection
signal SEL, one of the first to fourth output clock signals
ICLKO, QCLKO, IBCLKO, and QBCLKO. The selecting
circuit 510 may provide, as the first control signal RCS, one
of the first to fourth output clock signals ICLKO, QCLKO,
IBCLKO, and QBCLKO. The oscillating control circuit 430
may further include a first timing control circuit 540. Based
on the output signal from the selecting circuit 510, the first
timing control circuit 540 may generate the first control
signal RCS that 1s enabled in a pulse form. The first timing
control circuit 540 may generate the first control signal RCS
based on the edge of the oscillating signal ROD transitioning
from the second logic level to the first logic level. The first
timing control circuit 540 may enable the first control signal
RCS when a period of time, corresponding to the delay
amount of one of the first to fourth clock delaying circuits
411, 412, 413, and 414, clapses after the oscillating signal
ROD transitions from the second logic level to the first logic
level. The first timing control circuit 540 may include a pulse
generator 541 configured to generate the first control signal
RCS based on the output signal from the selecting circuit
510. The second timing control circuit 520 may receive the
oscillating signal ROD and may delay the oscillating signal
ROD by a fixed delay amount to generate the second control
signal FCS. Based on the oscillating signal ROD, the second
timing control circuit 520 may generate the second control
signal FCS that i1s enabled in a pulse form. The second
timing control circuit 520 may generate the second control
signal FCS based on the edge of the oscillating signal ROD
transitioning from the first logic level to the second logic
level. The second timing control circuit 520 may enable the
second control signal FCS when a period of time, corre-
sponding to the fixed delay amount, elapses after the oscil-
lating s1ignal ROD transitions from the first logic level to the
second logic level. The second timing control circuit 520
may include a delay replica 521 and a pulse generator 522.
The delay replica 521 may receive the oscillating signal
ROD and may delay the oscillating signal ROD by a fixed
delay amount. The pulse generator 522 may generate the
second control signal FCS based on the output signal from
the delay replica 521. The oscillating driver 530 may receive
the first control signal RCS and the second control signal
FCS and may generate the oscillating signal ROD based on
the first control signal RCS and the second control signal
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FCS. Based on the first control signal RCS, the oscillating
driver 530 may control the oscillating signal ROD to tran-
sition from the second logic level to the first logic level.
Based on the second control signal FCS, the oscillating
driver 530 may control the oscillating signal ROD to tran-
sition from the first logic level to the second logic level. The
oscillating signal ROD may be fed back to the first to fourth
clock delaying circuits 411, 412, 413, and 414 and may be
provided to the second timing control circuit 520 and the
delay imnformation generating circuit 440.

FI1G. 14 15 a diagram 1llustrating a connection relationship
between each of the first to fourth clock delaying circuits
411, 412, 413, and 414 and the oscillating control circuit
430, illustrated 1n FIG. 12. Referring to FIG. 14, the oscil-
lating control circuit 430 may 1nclude a selecting circuit 610,
a set pulse generator 620, a reset pulse generator 630 and an
oscillating driver 640. The selecting circuit 610 may receive
the first to fourth output clock signals ICLKO, QCLKO,
IBCLKO, and QBCLKO and may output, based on the
selection signal SEL, one of the first to fourth output clock
signals ICLKO, QCLKO, IBCLKO, and QBCLKO. The set
pulse generator 620 may receive the output signal from the
selecting circuit 610. The set pulse generator 620 may
generate the set pulse signal SET based on the output signal
from the selecting circuit 610. The set pulse generator 620
may generate the set pulse signal SET that 1s synchronized
with one of the rising and falling edges of the oscillating
signal ROD. For example, the set pulse generator 620 may
generate the set pulse signal SET that 1s synchronized with
the rising edge of the oscillating signal ROD. The set pulse
generator 620 may enable the set pulse signal SET when a
period of time, corresponding to the delay amount of one of
the first to fourth clock delaying circuits 411, 412, 413, and
414, clapses after the oscillating signal ROD transitions
from the low logic level to the high logic level. The reset
pulse generator 630 may receive the set pulse signal SET
and may generate the reset pulse signal RST based on the set
pulse signal SET. The reset pulse generator 430 may enable
the reset pulse signal RST when the set pulse signal SET 1s
disabled. The oscillating driver 640 may receive the set
pulse signal SET and the reset pulse signal RST and may
generate the oscillating signal ROD based on the set pulse
signal SET and the reset pulse signal RST. Based on the set
pulse signal SET, the oscillating driver 640 may control the
oscillating signal ROD to transition from the second logic
level to the first logic level. Based on the reset pulse signal
RST, the oscillating driver 640 may control the oscillating
signal ROD to transition from the first logic level to the
second logic level. The oscillating signal ROD may be fed
back to the first to fourth clock delaying circuits 411, 412,
413, and 414 and may be provided to the delay information
generating circuit 440.

While certain embodiments have been described above, 1t
will be understood to those skilled in the art that the
embodiments described are by way of example only.
Accordingly, the oscillating signal generating circuit and a
semiconductor apparatus using the same should not be
limited based on the described embodiments. Rather, the
oscillating signal generating circuit and a semiconductor
apparatus using the same described herein should only be
limited 1n light of the claims that follow when taken in
conjunction with the above description and accompanying
drawings.

What 1s claimed 1s:

1. An oscillating signal generating circuit comprising:

a first clock delaying circuit configured to delay an

oscillating signal to generate a first control signal;
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a timing control circuit configured to delay the oscillating
signal by a fixed delay amount to generate a second
control signal; and

an oscillating driver configured to drive the oscillating
signal to a first logic level based on the first control
signal and configured to drive the oscillating signal to
a second logic level based on the second control signal.

2. The oscillating signal generating circuit of claim 1,
wherein the timing control circuit includes:

a delay replica configured to delay the oscillating signal

by the fixed delay amount; and

a first pulse generator configured to receive an output
signal from the delay replica and configured to generate
the second control signal based on an edge of the
oscillating signal transitioning from the second logic
level to the first logic level.

3. The oscillating signal generating circuit of claim 2,
wherein the delay replica 1s designed by modelling the first
clock delaying circuit.

4. The oscillating signal generating circuit of claim 1,
turther comprising a second pulse generator configured to
receive an output signal from the first clock delaying circuit
to generate the first control signal based on an edge of the
oscillating signal transitioning from the first logic level to
the second logic level.

5. The oscillating signal generating circuit of claim 1,
further comprising:

a second clock delaying circuit configured to delay the

oscillating signal; and

a selecting circuit configured to output one of an output
signal from the first clock delaying circuit and an
output signal from the second clock delaying circuit as
the first control signal based on a selection signal.

6. The oscillating signal generating circuit of claim 3,
turther comprising a second pulse generator configured to
receive an output signal from the selecting circuit to gener-
ate the first control signal based on an edge of the oscillating
signal transitioning from the first logic level to the second
logic level.

7. An oscillating signal generating circuit comprising;:

a first clock delaying circuit configured to delay an

oscillating signal;

a first timing control circuit configured to receive an
output signal from the first clock delaying circuit to
generate a {irst control signal;

a second timing control circuit configured to delay the
oscillating signal by a fixed delay amount to generate a
second control signal; and

an oscillating driver configured to drive the oscillating
signal to a first logic level based on the first control
signal and configured to drive the oscillating signal to
a second logic level based on the second control signal.

8. The oscillating signal generating circuit of claim 7,
wherein the first timing control circuit includes a first pulse
generator configured to receive an output signal from the
first clock delaying circuit and configured to generate the
first control signal based on an edge of the oscillating signal
transitioning from the first logic level to the second logic
level.

9. The oscillating signal generating circuit of claim 7,
wherein the second timing control circuit includes:

a delay replica configured to delay the oscillating signal

by the fixed delay amount; and

a second pulse generator configured to receive an output
signal from the delay replica and configured to generate
the second control signal based on an edge of the
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oscillating signal transitioning from the second logic
level to the first logic level.

10. The oscillating signal generating circuit of claim 9,

wherein the delay replica 1s designed by modelling the first
clock delaying circuit. d

11. The oscillating signal generating circuit of claim 7,

turther comprising:

a second clock delaying circuit configured to delay the
oscillating signal; and

a selecting circuit configured to selectively output one of 10
an output signal from the first clock delaying circuit
and an output signal from the second clock delaying
circuit based on a selection signal,

wherein the first timing control circuit 1s configured to
generate the first control signal based on the output
signal from the selecting circuit.

12. An oscillating signal generating circuit comprising:

a first clock delaying circuit configured to delay an
oscillating signal;

a second clock delaying circuit configured to delay the
oscillating signal;

a selecting circuit configured to output one of an output
signal from the first clock delaying circuit and an
output signal from the second clock delaying circuit as
a first control signal based on a selection signal;

a timing control circuit configured to delay the oscillating,
signal by a fixed delay amount to generate a second
control signal; and
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an oscillating driver configured to generate the oscillating
signal based on the first control signal and the second
control signal.

13. The oscillating signal generating circuit of claim 12,
wherein the timing control circuit includes:

a delay replica configured to delay the oscillating signal

by the fixed delay amount; and

a first pulse generator configured to receive an output

signal from the delay replica and configured to generate
the second control signal based on an edge of the
oscillating signal transitioning from a second logic
level to a first logic level.

14. The oscillating signal generating circuit of claim 13,
wherein the delay replica 1s designed by modelling at least
one of the first clock delaying circuit and the second clock
delaying circuait.

15. The oscillating signal generating circuit of claim 13,
further comprising a second pulse generator configured to
receive an output signal from the selecting circuit to gener-
ate the first control signal based on an edge of the oscillating
signal transitioning from the first logic level to the second
logic level.

16. The oscillating signal generating circuit of claim 12,
wherein the oscillating driver 1s configured to drive the
oscillating signal to a first logic level based on the first
control signal and configured to drive the oscillating signal
to a second logic level based on the second control signal.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

